In the northern Atlantic Forest, hunting and habitat loss have eliminated most large mammals that disperse zoochoric fruits. Due to the decrease in populations of large seed dispersers, yellow-breasted capuchins (Sapajus xanthosternos) are currently one of the largest arboreal fruit-eating mammals in the region. During 26 months, we followed 14-25 capuchins aiming to (1) present data on their dietary ecology, (2) verify the conservation status of plants in the diet, and (3) determine distance and habitat of seed deposition based on gut retention time. Capuchins showed a preference for feeding in old secondary forests in spite of the greater availability of primary forests. They fed on 109 species of fruits (42.7% of feeding frequency) and swallowed 85 species of seeds (mean width: 0.73 ± 0.57 cm; mean length: 1.17 ± 0.83 cm). Capuchins consumed mostly oil palm and manilkara fruits. We observed long distances of seed deposition (median 300-360 m); 36.8-41.7% of these events occurred in a distinct habitat, and seeds of 12 latestage trees swallowed in the primary forest were deposited in old secondary forests. S. xanthosternos has an important role in the first phase of seed dispersal (seed removal from the parent tree and seed deposition), particularly for 23 endemic and 3 endangered plants.
Introduction
Primates disperse seeds from a wide range of tropical tree species [Estrada and Coates-Estrada, 1984; Lapenta et al . , 2008; Catenacci et al . , 2009; Valenta and Fedigan, 2010] . The various mid-sized and large-bodied species, including Sapajus [Zhang and Wang, 1995; Wehncke et al., 2003; Izar, 2008; Valenta and Fedigan, 2010] , Alouatta [Estrada and Coates-Estrada, 1984] , Ateles [Zhang and Wang, 1995] , and Brachyteles [Martins, 2006; Izar, 2008; Bueno et al., 2013] , each feed on fruits of different seed sizes. Thus, seed rain is contingent upon the different seed dispersal capabilities of primates with distinct behaviours and physical characteristics [Wehncke et al., 2003; Moura and McConkey, 2007; Izar, 2008] . This particularly holds true in severely fragmented landscapes, where heavy hunting pressures have reduced the populations of most large-bodied frugivores. The ecological role of the extinct large seed dispersers may not be fully replaced by extant species, as frugivores may play complementary roles in seed dispersal [Chapman and Russo, 2007; Bueno et al., 2013] .
Most tropical heavy-wooded trees are threatened not only by forest suppression and the selective logging of economically valuable tree species, but also due to the local extinction of large-bodied seed dispersers [da Silva and Tabarelli, 2000; Jordano, 2000; Tabarelli and Peres, 2002; Chazdon et al., 2003; Guimarães et al., 2008; Peres et al., 2016] . We expect the same trend of tree population decline in the Brazilian Atlantic Forest, considering that up to 90% of woody species in this biome are endozoochoric [Almeida-Neto et al., 2008; Peres et al., 2016] . The northern Atlantic Forest is also dominated by vertebrate-dispersed tree species, and the reduction of large seeds in the seed rain is associated with the population decline of their seed dispersers [Costa et al., 2012] . This region, particularly the forests in the Brazilian state of Bahia, has extreme biological value for its high plant species richness [Amorim et al., 2008] and endemism [Thomas et al., 1998 ]. Nonetheless, long-distance dispersers of large seeds, i.e. tapirs, white-lipped peccaries and large-bodied monkeys [Fragoso et al., 2003; Peres et al., 2016] , have long been wiped out by poachers in this highly fragmented landscape . Thus, large seeds would be dispersed by mid-sized mammals (e.g. capuchin monkeys and kinkajous) and secondary dispersers (e.g. scatter-hoarding rodents), which are more resilient to forest loss than larger mammals [Michalski and Peres, 2007; Canale et al., 2012] . The recruitment of large-seeded trees would depend on quantity of seeds, dispersal distance and environmental quality of seed deposition place generated by these extant seed dispersers. Therefore, due to the severe population depletion of large-bodied seed dispersers, the role of mid-sized mammals (e.g. capuchin monkeys) has become ever more important in order to maintain the dynamics of forest regeneration.
Capuchins ( Cebus and Sapajus spp.) are non-restricted frugivores as they eat fruits, seeds, nectar, and small animals [Eisenberg, 1989; Janson and Boinski, 1992; Chivers, 1998 ]. The foraging and feeding behaviour of capuchins are shown to contribute to the increase in seed survival probability [Zhang and Wang, 1995; Wehncke et al., 2003; Wehncke and Domínguez, 2007; Valenta and Fedigan, 2010] . Short feeding bouts, low number of seeds in faecal droppings, and long travel distances by capuchins are important traits affecting the survival and germination of seeds they swallow [Zhang and Wang, 1995; Wehncke et al., 2003; Valenta and Fedigan, 2010] . As seeds swallowed by capuchins are deposited far from the parent tree and are viable after gut passage [Wehncke et al., 2003] , seed predation and competition for establishment sites are reduced, and the odds of colonising areas with favourable conditions are increased [Howe and Smallwood, 1982; Nathan and Muller-Landau, 2000; Wehncke et al., 2003; Valenta and Fedigan, 2010] .
The frequency distribution of distances travelled by seeds can be obtained if the start and end points of dispersed seeds are known [Nathan and Muller-Landau, 2000] . This is the case for primates, where feeding and defaecating events can be recorded by following study groups [Valenta and Fedigan, 2010] . Studies on foraging activity, dietary preferences, habitat use, daily movements and home range of primates provide information on spatial patterns of seed deposition and the consequences for forest regeneration [Wehncke et al., 2003; Catenacci et al., 2009] .
To understand the role of yellow-breasted capuchins as seed disperser in a context where all large frugivores have become extinct, we conducted a study of feeding and foraging activity of Sapajus xanthosternos in a protected forest of Bahia to (1) present data on the dietary ecology of S. xanthosternos, (2) verify the conservation status of plants in the diet of S. xanthosternos and (3) determine distance and habitat of seed deposition by S. xanthosternos .
Methods

Study Area
Una Biological Reserve encompasses one of the largest forest fragments of the northern Atlantic Forest, totalling 18,500 ha. It lies in southern Bahia, Brazil (15°06 ′ 12 ′ ′ S, 39°02 ′ 12 ′ ′ W), and its vegetation is composed of mature and regenerating forests (young secondary forests, i.e. <20 years since a total clear cut with predominant pioneer trees, and old secondary forests, i.e. >20 years since a total clear cut presenting a mixture of pioneers and late-stage trees) [Faria et al., 2009] . The habitat is broadly characterised as lowland moist tropical forest [Mori et al . , 1983] . Temperature averages 24-25 ° C annually, and rainfall is approximately 2,000 mm/year with no evident seasonality [Mori et al., 1983] .
In Una, important dispersers of large seeds have been extinct for more than a decade, namely tapirs (Tapirus terrestris) , howler monkeys (Alouatta guariba) , woolly spider monkeys (Brachyteles hypoxanthus) , and white-lipped peccaries (Tayassu pecari) . The species observed in Una are typically secondary seed dispersers, namely agoutis (Dasyprocta azarae) , crab-eating foxes (Cerdocyon thous) , and collared peccaries (Pecari tajacu) [Beckman and Muller-Landau, 2007; Canale et al., 2012] . Extant primary seed dispersers include the yellowbreasted capuchin monkeys (S. xanthosternos), kinkajous (Potos flavus) , and large game birds [Beckman and Muller-Landau, 2007; Canale et al., 2012] .
Study Group
The yellow-breasted capuchin monkeys are critically endangered [Kierulff et al., 2015] , and the total population is estimated to be between 3,500 and 5,000 individuals, scattered in small and isolated populations in the Atlantic Forest, Cerrado and Caatinga [Lernould et al., 2012] . We monitored a radio-tagged group of S. xanthosternos from September 2006 to December 2008. In September 2006, the group was composed of 25 individuals: 3 adult males, 7 adult females, 6 subadult males, 2 subadult females, 4 juvenile females and 3 infants. In September 2007, the group split into 2 subgroups. The subgroup followed comprised 14 individuals: 2 adult males, 3 adult females, 2 subadult males, 2 subadult females, 2 juvenile males, 2 juvenile females and 1 infant. The estimated home range by minimum convex polygon was 1,030 ha before group fission and 969 ha after group fission [Canale, 2010; Canale et al., 2013] . The habitat within these home ranges is mainly formed by primary forests (57.6%), followed by young secondary forests (28.6%), while the least available habitat was swamp (1.6%; table 1 ).
Behavioural Data Collection
Annually, we captured individuals to fit new radio collars as batteries last about 1.5 years. We used a 4-element metal antenna and a VHS receiver (Telonics, model TR-4) to locate the animals with radio collars (Advanced Telemetry Systems Inc., model M1940, 42-60 g). The number of individuals carrying radio collars depended on the number of individuals captured and whether the captured individuals were the required age and body mass to carry a radio collar [details in Kierulff et al., 2005] . Trapped individuals were dye-marked. Nonetheless, most animals in the group were recognised by coat patterns. Sex and age were typically determined during behavioural observations. The capuchins were completely habituated to the observers once observations began.
From September 2006 to August 2007, we collected scan samples at 20-min intervals [Altmann, 1974] . Once the capuchin group had split into 2 subgroups, we were only able to follow the subgroup with the individual carrying the radio collar. The scan interval was reduced to 15 min from September 2007 to December 2008. The variation in scan interval did not interfere with the results, as the analyses were conducted using percentage of behaviour frequency [Martin and Bateson, 2007] . For each individual of the group, the first behaviour observed was recorded during a 5-min period. To avoid bias towards scan samples with a greater number of individuals being observed, scans were equally weighted by dividing each observation of an individual by the total number of individuals observed in a scan [Kool, 1989] .
Groups were followed, typically, from dawn to dusk (n = 103 full days). When we were not able to follow groups for all periods of the day, the period not sampled was completed the following day (n = 43 half-days). A total of 4,657 scans were collected on behaviour. The recorded behaviours were: travel, rest, social, feed and other. 'Travel' involved horizontal and vertical movements. 'Feeding' was recorded when animals were manipulating, chewing or swallowing dietary items [fruit, flowers, tree gum, pith, leaves, bromeliad (foliar base), invertebrates, vertebrates, eggs]. 'Rest' was recorded if animals were lying or simply not moving. 'Social' included affiliative and aggressive interactions. 'Other' included behaviours that represented less than 1% of the observations (chest-rubbing, drinking water, urine-washing, vigilance).
Fruit Availability
The survey of productivity of plants was based on trees ≥ 10 cm in diameter at breast height, as a preliminary survey showed that they are representative of the forest canopy. To estimate abundance of flowers and fruits in Una, we distributed transects (15 × 200 m) across the home range of our focal group of capuchins, covering all different habitats (primary forest, old-growth secondary forest, young-growth secondary forest, swamp and cabruca -the last habitat consists of cacao trees planted in the forest shade in an agroforestry system) with the same sampling effort (3 transects/habitat). We randomly placed the transects within each habitat type, at least 1 km apart. We used the point-centred quarter method [Cottam and Curtis, 1956] and selected points every 15 m along transects of 200 m, summing to 13 points/transect (39 points and 156 trees per habitat). We marked the 4 nearest trees to a central point on the transect and recorded We estimated the monthly fruit and flower availability for each species in each habitat type using the following steps. Firstly, we estimated the intensity of each phenophase (flowering and fruiting) in each individual using the Fournier index [Bencke and Morellato, 2002] . The following intensity values for the Fournier index were: 0 = reproductive phenophase absent, 1 = phenophase intensity between 1 and 25%, 2 = between 26 and 50%, 3 = between 51 and 75%, and 4 = intensity higher than 75% [Fournier, 1974] . Secondly, we estimated the monthly intensity index by summing the intensity values for all individuals of the same species in each habitat (Σ Fournier index) and divided the sum by the maximum possible value (i.e. the total number of individuals multiplied by 4). Thirdly, we estimated the activity rate for each species/month by calculating the percentage of sampled trees of the same species that were at the same phenophase. Finally, we estimated the monthly fruit and flower availability for each species in each habitat type by multiplying the monthly intensity index by the activity rate for each species/month. The multiplication intends to distinguish situations in which few individuals produce more fruits and/or flowers, or a great number of individuals produce fewer fruits and/or flowers.
Seed Size and Conservation Status of Plants
Rede SISBIOTA provided seed size based on seeds collected in the Atlantic Forest of Bahia. To classify plants according to their threat level and endemism, we referenced information provided in the IUCN Red List [IUCN, 2016] and the Atlantic Forest Plants -a list of threatened plants of the Atlantic Forest organised with the collaboration of 207 Brazilian and foreign researchers [Stehmann et al . , 2009] .
Distance and Habitat of Seed Deposition
According to Schupp et al. [2010] , seed dispersal is 'the horizontal movement of the seed by an animal from the place where it was encountered'. In this study, the 'horizontal movement of the seed' is equivalent to the seed deposition distance, based on the gut retention time of the seeds that were observed being swallowed by the yellow-breasted capuchins during the 26 months of fieldwork. We considered gut retention time of 1 h 30 min and 2 h as this is the range recorded for capuchins in previous studies (1.5 h for Sapajus apella in the wild [Zhang and Wang, 1995] ; 94 ± 43 min for Cebus capucinus in the wild and 105 ± 38 min for S. apella in captivity [Wehncke et al., 2003 ]; 138 min for C. capucinus in the wild [Valenta and Fedigan, 2010] ).
To estimate the distance between the start and end points of swallowed seeds (hereafter seed deposition distance), we used a GPS (error ≤ 5 m) to georeference feeding trees whenever capuchins were observed swallowing the seeds (start point) and the location of the centre of the group after 1 h 30 min (and 2 h), which corresponds to the place of seed deposition (end point) [similar to Wehncke and Domínguez, 2007] . We counted all the feeding events in a specific habitat type and calculated the percentage of events of seed deposition in the same habitat and in distinct habitat types, based on start and end points.
The probability of seed deposition distance was determined by dividing the number of events of seed deposition for each 100-metre category by the total number of events of seed deposition. We identified the habitat of the feeding tree and the habitat of seed deposition based on a habitat type map of the home range of the capuchins.
Yellow-breasted capuchins moved fast and sometimes travelled >100 m apart, similar to other Sapajus [Fragaszy et al., 2004] . Thus, it was difficult to follow the same individual for long periods of time. In addition, only 7 intact faeces could be collected, mainly because defaecation events occurred when they were travelling at heights of 20-25 m. As a result, we could not collect enough faecal samples to have a precise estimate of the number of seeds that passed intact through S. xanthosternos guts.
We are aware of the limitations of using average gut retention time, rather than collected faecal samples, to estimate seed deposition distances [Côrtes and Uriarte, 2013] . However, simi-lar to the findings for cercopithecine monkeys [Blaine and Lambert, 2012] , minimum and average retention times for related capuchin species did not differ much [Wehncke et al., 2003; Wehncke and Domínguez, 2007] . In a previous study on wild and captive capuchins, no significant differences were detected of seed size effect on gut retention time (range of seed length: 0.33-1.71 cm, seed width: 0.24-0.63 cm) [Wencke et al., 2003] .
Data Analysis
The variables were tested for normality using Shapiro-Wilk's test, and residuals were plotted using QQ plot to verify trends. Variables with a skewed distribution were analysed using nonparametric tests. The Spearman rank correlation R S was used to test correlations between fruit availability and frequency of feeding on fruits in each habitat type (primary forest, old and young secondary forest, swamp and cabruca ). The same procedure was repeated to correlate flower availability and frequency of feeding on flowers in each habitat type. Flower and fruit availabilities were correlated with frequency of feeding on tree gum in each habitat type. Mean values are reported followed by their standard deviation (mean ± standard deviation). In addition, we performed a χ 2 goodness-of-fit test to verify whether feeding records on fruits and habitat use were associated with the habitat availability.
Ethical Statement
This research complied with protocols approved by the ethical and animal care committee of the Brazilian Primate Centre/Chico Mendes Institute and adhered to Brazilian legal requirements.
Results
Food Availability and Capuchins' Diet
Over 26 months, S. xanthosternos spent more time feeding on fruits than on any other food item. On average, capuchins fed on fruits in 42.7% of total feeding frequency (SD ±10.3%, n = 26 months), reaching up to 66% of feeding frequency in November 2006. Invertebrates were the second most frequent item in the diet, averaging 35% (SD ±6.6%, n = 26 months). During 6 months (December 2006 , January 2007 , January 2008 , April 2008 , July 2008 , and September 2008 , invertebrate consumption was more frequent than that of fruits ( fig. 1 ) .
The capuchin group ate fruits of 91 species of trees, 11 species of lianas, 5 palm species, and 2 bamboo species (101 of 109 species identified, see the Appendix). Capuchins fed on up to 27 different fruit species in a month, on average 14.8 ± 4.9 (n = 26 months). Of the 109 plant species of which they ate fruits (Appendix), we observed capuchins swallowing seeds from 85 species (78%). Another 11 plant species had their mesocarp removed, and the seeds were dropped/spat out under the parent tree (less than 10 m radius). Fruits of Elaeis guineensis , Attalea funifera, Eschweilera mattossilvae, Eschweilera ovata , Lecythis lurida , Lecythis pisonis, and Neea verticillata were chewed before being dropped, whilst seeds of Guapira opposita , Caryocar edule , Virola gardneri and Virola officinalis were spat out.
The mean width of seeds swallowed by capuchins was 0.73 ± 0.57 cm and seed length was 1.17 ± 0.83 cm (n = 85 species). The largest seeds swallowed by subadults and adult capuchins were seeds of Inga edulis (mean seed width: 2.00 cm, mean seed length: 3.20 cm) and Tetrastylidium grandifolium (mean seed width: 2.10 cm, mean seed length: 2.20 cm). Capuchins also swallowed seeds of two exotic large-seeded tree species, namely cacao ( Theobroma cacao ; mean seed width: 1.30 cm, mean seed With respect to all records of plant species consumed by capuchins (n = 447 feeding records), fruit of the exotic oil palm (Elaeis guineensis) was the commonest identified item in their diet (27.5% of feeding records). However, only the pulp was eaten, and seeds (mean seed width: 2.45 cm, mean seed length: 2.70 cm) were dropped to the forest floor under the parent tree ( table 2 ). Fruits and seeds of the endangered tree M. longifolia were among the most consumed food (4.5% of feeding records; table 2 ).
The frequency of eating fruits was negatively correlated with the frequency of eating flowers (R S = -0.51, p < 0.01, n = 26 months), while the frequency of eating flowers was negatively correlated with the fruit availability in cabruca (R S = -0.52, p < 0.01, n = 26 months). This suggests that nectar was mostly consumed when fruits were less available in this habitat. The frequency of feeding on tree gums of Parkia pendula was negatively correlated with the availability of flowers and fruits in the primary forest (R S = -0.49, p < 0.05, n = 26 months; R S = -0.53, p < 0.01, n = 26 months, respectively), indicating that tree gum was mostly eaten when flowers and fruits were less available in this habitat. The frequency of feeding on invertebrates was not correlated with the availability of flowers or fruits in any habitat type (p > 0.05). The frequency of feeding on fruits in the primary forest was positively correlated with fruit availability in this habitat type (R S = 0.41, p < 0.05, n = 26 months). No other correlation of fruit availability with frequency of feeding in other habitat types occurred. The observed frequency of feeding on fruits in each habitat type was not proportional to the percentage of habitat available (χ 2 = 2,561.8, p < 0.001). The higher than expected frequency of feeding on fruits in young and old secondary forests indicates that these habitats are preferred feeding places. Despite the high percentage of primary forest available in the home range of the species, there was a lower percentage of feeding records than expected in this habitat type ( table 1 ) . Accordingly, the use of habitat by the group of capuchins was not proportional to the percentage of habitat available (χ 2 = 11,202.1, p < 0.001). S. xanthosternos used primary forests less than expected and young and old secondary forest more than expected by the proportion of habitat available. Thus, secondary forests are the most preferred feeding places for capuchins.
Conservation Status of Plants in the Capuchins' Diet
We identified 23 tree species endemic to the Atlantic Forest in the diet of S. xanthosternos (fruits, flowers, seeds, or palm hearts), 5 of which are threatened late-stage trees. From all seed species swallowed (n = 85 species), 21% are endemic to the Atlantic Forest and 4.7% restrictively endemic to Bahia Biogeographical Subregion. For tree species only (n = 80 species), 21% were endemic to the Atlantic Forest, 5% endemic to Bahia Biogeographical Subregion, and 6.2% were threatened with extinction (3 endangered and 2 vulnerable species).
Three timber species ( Manilkara spp.) and 2 human-introduced species, with relevant economic value, had seeds swallowed by S. xanthosternos (cacao T. cacao and jackfruit A. heterophyllus ). They fed on fruits without swallowing seeds of 4 other plants of important economic value (A. funifera , C. edule , E. guineensis and L. pisonis) . They also fed on flowers of Symphonia globulifera and Euterpe edulis , and the palm heart of the latter. In addition, they ate the palm heart of 3 species of Bactris , including the endemic B . ferruginea (Appendix). 
Distance and Habitat of Seed Deposition
Seed deposition distance varied from 0 to 1,140 m, with the highest probability of seed deposition distance for a seed retention time of 1.5 h ranging from 201 to 300 m (p = 0.23) and from 401 to 500 m (p = 0.21) for a seed retention time of 2 h. Thus, it is most likely that seeds are placed between 201 and 500 m away from the parent tree ( fig. 2 ). We found a long distance of seed deposition for gut retention of 1.5 h, i.e. 313 ± 198 m (median = 300 m, n = 297), and an even longer one for gut retention of 2 h, i.e. 368 ± 218 m (median = 360 m, n = 296; table 3 ). All seeds swallowed in swamps were potentially deposited in other habitat types. Also, 55.7% of the feeding events in primary forests resulted in potential seed deposition in a different habitat type. We observed similar results for swamp and primary forests, considering a slower gut passage time (2 h). The smallest frequency of seed deposition into another habitat (27.3%) was recorded for seeds swallowed in cabruca . Ultimately, the percentage of seed deposition events occurring in a distinct habitat type increased according to the length of gut passage time, from 36.8 to 41.7% (for 1.5 and 2 h, respectively; table 3 ).
We observed that 95% of the feeding events of fruits in the primary forest, with seed deposition in the old secondary forest, involved 12 species of late-stage trees. Moreover, 50% of the feeding events on fruits in the primary forest with seed deposition in the young secondary forest involved 2 species of late-stage trees. Only 1 feeding event of fruits in the primary forest with seed deposition in the swamp was observed ( Manilkara sp., a late-stage tree) and no seed deposition from fruits eaten in primary forest to cabruca . On the other hand, 68% of feeding events in the old secondary forests, with seed deposition in the young secondary forests, involved 9 species of pioneer trees. Only 1 feeding event on fruits in the old secondary forest with seed deposition in cabruca was recorded ( Manilkara sp.), and only 2 feeding events of fruits in the old secondary forests with seed deposition in swamp (2 late-stage tree species, namely Manilkara salzmanii and Pouteria sp.). We observed that between 38.8 and 43.9% of seed deposition events to old secondary forests came from a different habitat type (for 1.5 and 2 h of seed retention time, respectively). For young secondary forests, between 35.3 and 37.5% of events came from a different habitat type (for 1.5 and 2 h of seed retention time, respectively; table 4 ).
Discussion
S. xanthosternos swallowed seeds of 80 tree species (17 endemic and 5 threatened), including large-seeded species, such as the threatened Manilkara spp. and Rauvolfia bahiensis , and the exotics cacao (T. cacao) and jackfruit (A. heterophyllus) . Ma- nilkara spp. are known to be potentially dispersed by at least 6 primate species, including 2 species of capuchins (S. apella and S. olivaceus) [Ratiarison and Forget, 2011] . Manilkara elata , M. longifolia and M. maxima are late-stage trees that have large and fleshy fruits and occur in well-preserved habitats (e.g. primary forests) and old-growth forests [Lorenzi, 2000] . They are highly valued for their toughness and longevity in the construction industry and are among the most sought after species in the local black market [G. Canale, pers. observation] . The cubic-metre value may reach up to 3 times the Brazilian minimum wage (about 780 USD/m 3 ) [Amorim et al . , 2011] . The yellowbreasted capuchins rarely fed on fruits in the primary forest despite the high availability of this habitat type within their home range. In fact, they showed a preference for feeding in old secondary forests. However, fruiting peaks of Manilkara spp. increased the frequency of feeding on fruits in the primary forest. They also consumed flowers of Manilkara spp. in the primary and the old secondary forests (flowering peak: May to June), and S. globulifera in the swamp (flowering peak: September to November) when fruits of cacao were not ripe in cabruca . Furthermore, the yellow-breasted capuchin monkeys frequently used the young secondary forest during months of low availability of fruits and flowers in the primary forest to eat tree gums (Parkia pendula) . It suggests that P. pendula is an important food source during flower and fruit scarcity, as previously reported for S. apella in the Amazon [Peres, 2000] .
Studies on Neotropical primates demonstrate their importance to forest regeneration, specifically when dispersing seeds from primary forests to secondary forests [Catenacci et al., 2009; Culot et al., 2010] . Interestingly, fruiting trees from primary forests had one of the highest habitat type turnover in Una, involving seeds of 12 species of late-stage trees swallowed in this habitat and deposited in old secondary forests. Virtually all species of late-stage trees benefit from canopy gaps to reach reproductive maturity [Wenny and Levey, 1998 ]; thus, colonisation is likely to occur when seeds from pristine environments are deposited in more degraded habitats by seed dispersers, e.g. S. xanthosternos . On the other hand, we must consider postdispersal seed fate variations, which may reduce the effectiveness of the capuchin monkeys as ecosystem engineers [Chapman et al . , 2013] .
The deposition of seeds in a new habitat does not guarantee the establishment of seedlings [Nathan and Muller-Landau, 2000] . For example, seeds swallowed in the swamp by the yellow-breasted capuchins may not germinate when dropped in dryer habitats due to the unfavourable environmental conditions for seeds of typically humid environments. However, it is commonly acknowledged that the distance of seed dispersal from the parent tree improves recruitment survival [Janzen, 1970; Howe and Smallwood, 1982; Muller-Landau, 2007] . The capuchins also travelled long distances in a short period of time, leading to seed deposition away from the parent tree (median = 300-360 m, for gut retention times of 1.5-2 h). This is similar to results found for a group of Sapajus nigritus (median = 320 m), yet considerably longer than findings for 2 groups of C. capucinus (median = 195 and 169 m) [Wehncke et al . , 2003; Wehncke and Domínguez, 2007] . Yellow-breasted capuchins defaecate in small clumps over a wide area, as do spider monkeys, and not in latrines, as howler monkeys do. This defaecation pattern decreases the density of seeds in each dropping and reduces the attraction of density-dependent predators and/or pathogens [González-Zamora et al . , 2012] . Moreover, seeds dropped from an animal's mouth might also have an increased survival rate due to pulp removal and decreased fungal attack on processed seeds [Lambert, 2001; Barnett et al . , 2012] , despite greater competition under the parent tree. This may be the case for the 11 species of which the seeds were spat out or dropped by the yellow-breasted capuchins, thus falling under the parent tree.
Although capuchins can act as important seed dispersers of threatened native plant species, this role may be diminished because of the high consumption of exotic species. In our study region, secondary forests were the most preferred feeding places by S. xanthosternos , which are a mixture of abandoned oil palm plantations and a species-rich regenerating forest of native trees. Accordingly, fruits of the exotic oil palm were frequently consumed in the young secondary forests (51.8% of feeding on fruits), while seeds of native manilkaras were frequently swallowed in the old secondary forests (31% of feeding on fruits). The mixture of exotic species and native trees could be used favourably in species management for conservation, as the exotic species supplement the capuchins' food needs [Gosper and Vivian-Smith, 2009; Estrada et al., 2012] . However, the high consumption of oil palm seeds may not provide all the required nutrients, and different food items are needed to balance the capuchins' nutrient intake. Oil palm mesocarp is exceptionally rich in oil (80% dry mass) [Tranbarger et al., 2008] , and, despite its high-energy contents (approx. 33 kJ/g) [Vogel, 2005] , it has a low glucose proportion (i.e. only 7 mg/g of dry weight in comparison to 19-21 mg/g of sucrose) [Kok et al., 2011] . Therefore, the total replacement of secondary forests by extensive oil palm plantations, as projected by incentive programmes for oil palm growth by the Brazilian Government [Englund et al., 2015] , may negatively affect the capuchin populations.
Jackfruit and cacao are other exotic fruits in the in the diet of S. xanthosternos, but are not so frequently consumed during the year as are oil palm fruits. In some months, however, they may reach 20% (cacao) and 16% (jackfruit) of the frequency of feeding on fruits. Thus, they may also compete with native trees for their dispersal services. Cacao seeds and jackfruit seeds represent the upper limit size of seeds ingested by Cebus = Sapajus [Wehncke et al . , 2003 ]. Indeed, they were the largest exotic seeds swallowed by the yellow-breasted capuchins and were found intact in the few faecal droppings collected in Una (n = 7 faecal samples). Despite the potential use of exotic fruits as supplementary food in the management and conservation of threatened fauna species, the high frequency of feeding on exotic fruits directly reduces the time allocated to feed on native fruits, including threatened trees [Gosper et al., 2005; Canale et al., 2013] . To understand the impact of exotic plants in the dispersal of native seeds by the yellow-breasted capuchins, we recommend studies of yellow-breasted capuchins living in areas with no exotic plants. Furthermore, field experiments on seed germination of native trees, particularly involving seeds of late-stage trees consumed in pristine environments and deposited in more degraded areas, are relevant to understand the role of capuchins in the regeneration of forests.
Our results highlight the importance of the yellow-breasted capuchins' ecological function for forest regeneration dynamics. The most consumed fruits by S. xanthosternos have larger seeds than the average of seeds swallowed, indicating that these monkeys feed on large-seeded fruits at a high frequency. In addition, yellow-breasted capuchins spend much of their time foraging across different habitat types, similar to other Cebus and Sapajus [Zhang, 1995; Siemers, 2000] . They visited 5 distinct habitat types feeding on fruits of exotic and threatened native species, and travelled long distances in a short period of time. As a result, seeds were frequently deposited away from the parent tree and in a different habitat from the one in which they were originally consumed. Despite acting as supplementary food for capuchins, the high con-sumption of exotic plants (e.g. cacao, jackfruit and oil palm) in remnant forests compete with threatened and endemic large-seeded tree species for the important dispersal services of one of their last seed dispersers, the yellow-breasted capuchins. Maximum size of swallowed seeds, cm 2.10 3.20 AFP = Conservation status and endemism followed IUCN Red List [IUCN, 2016] and Brazilian Red List; AF = Atlantic Forest; EAF = endemic to the Atlantic Forest; ENA = endemic to the northern Atlantic Forest; BBSr = endemic to Bahia Biogeographical Subregion; EN = endangered; VU = vulnerable; RS = regeneration strategy; intol. = shade-intolerant; tol. = shade-tolerant.
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